BHK-HVJ cells, a cell line of baby hamster kidney cells persistently infected with HVJ (Sendai virus), started to produce infectious virus by shifting down the incubation temperature from 38 to 32 C. The virus derived from BHK-HVJ cells, designated as HVJ-pB, was effectively neutralized with antibody against wild-type virus (HVJ-W) which was used for the establishment of BHK-HVJ cells. HVJ-pB replicated in eggs at 32 C, but not at 38 C, while HVJ-W grew equally well at both temperatures. When BHK cells infected with HVJ-pB were incubated at 38 C, production of infectious virus, hemagglutinin, and neuraminidase was markedly restrained, whereas a considerable amount of viral nucleocapsid and envelope antigens was detected in the cells by complement fixation tests. These viral activities became detectable immediately after temperature shiftdown from 38 to 32 C even at the later stage of infection. HVJ-pB was indistinguishable from HVJ-W with respect to particle size, density, and morphological characteristics, but appeared to possess a higher neuraminidase activity and was inactivated more rapidly at 50 C than HVJ-W. HVJ-pB was less cytocidal and could easily cause latent infection in BHK and mouse L cells.
A previous report from this laboratory described a temperature-sensitive phenomenon of viral maturation observed in BHK cells persistently infected with HVJ (BHK-HVJ) (12) . In examining this phenomenon more precisely, it was desirable to isolate infectious virus from the carrier culture. However, all previous attempts to induce infectious virus were so far unsuccessful.
Incidentally, infectious virus was detected from the carrier cells preincubated at 32 C by inoculating into eggs which were incubated at 32 C. It was also noted that the virus strain isolated from BHK-HVJ cells was a temperature-sensitive mutant.
The present communication describes the isolation of infectious virus from BHK-HVJ cells and some characteristics of the virus thus isolated from the carrier culture.
MATERIALS AND METHODS
Cell cultures and media. An HVJ carrier culture of BHK cells designated as BHK-HVJ was established in our laboratory (12) and has been serially subcultured over a period of almost four years. The cells used in the present study were derived from the 300th to 320th subculture.
Growth medium for BHK-HVJ cells and BHK cells was Eagle medium supplemented with 10% calf serum, 10% tryptose phosphate broth, and 60 Ag of kanamycin per ml. Chlortetracycline was added periodically at a concentration of 20 ug/ml. The same medium, from which calf serum was omitted, was satisfactory for maintenance of the cells and was used for virus growth.
Viruses. The Nagoya strain of HVJ (HVJ-W) was propagated routinely by allantoic inoculation of 10-day-old embryonated eggs.
A strain of HVJ derived from BHK-HVJ cells (HVJ-pB) was propagated in 10-day-old embryonated eggs. A 0.2-ml sample of cell homogenate of BHK-HVJ cells preincubated at 32 C was inoculated into allantoic cavity. After 72 h of incubation at 32 C, allantoic fluids were harvested and serially passaged in eggs at limiting dilution. In the present study, fifth allantoic passage virus was used throughout.
Unless otherwise mentioned, incubation of eggs was carried out at 32 C for HVJ-pB, and at 36 C for HVJ-W, respectively.
Infectivity titrations. Infectivity titrations were performed by intra-allantoic inoculation of three eggs with 0.2 ml of each of 10-fold serial dilutions of test materials prepared in 0.01 M phosphate-buffered saline at pH 7.2 (PBS). After 3 days of incubation, allantoic fluids were harvested and tested for the presence of hemagglutinin. The 50% egg infectivity doses (EID,0) were calculated by the method of Reed and Muench. Unless otherwise stated, infectivity was assayed at 32 C for HVJ-pB, and at 36 C for HVJ-W, respectively.
Cell-associated virus was released by 20 kc sonic treatment of cell suspension for 30 s in an ice bath.
Neutralization tests. Virus suspensions were serially diluted in 10-fold steps with PBS, and 1.0 ml of each dilution was mixed with an equal volume of a 50-fold diluted anti-HVJ antiserum. After being left at room temperature for 60 min, surviving virus was assayed.
Hemadsorption tests. Virus-infected cell monolayer was washed twice with PBS, to which was added 1.0 ml of a 2% suspension of guinea pig erythrocytes in PBS, and left at 4 C for 30 min. After removal of unadsorbed erythrocytes by washing with PBS, the extent of hemadsorption reaction was examined microscopically.
Hemagglutinin (HA) titrations and HA-inhibition tests. HA was titrated by dilution with twofold increments in 0.05 ml in plastic microtrays followed by the addition of 0.025 ml of 1% chicken erythrocytes by the microtiter technique (19) . The highest agglutinating dilution was read by the pattern method after 45 min at 4 C.
HA-inhibition tests were also performed with microtrays by making serial twofold dilutions of antiserum in 0.025 ml of PBS, to which was added an equal volume of 4 HA units of virus. The mixtures were kept at 37 C for 30 min before addition of the erythrocytes suspension.
Neuraminidase (Ndase) assay and Ndase-inhibition tests. Neuraminidase assay was performed with a fetuin substrate by a modification of Warren's thiobarbituric acid method (7, 10, 25) . Enzyme activity was measured by extinction readings taken from the part of the slope where they vary linearly with the enzyme concentration. No measurable quantity of free N-acetyl-neuraminic acid or other color-forming substance was detected in extracts of uninfected BHK cells so far as examined in the present experimental condition.
For Ndase-inhibition tests, a constant amount of virus was mixed with serial dilutions of antiserum and incubated at 37 C for 30 min before Ndase assay.
The optimum pH for the Ndase activity of both HVJ-pB and HVJ-W was found to be almost the same at pH 4.6.
Complement fixation tests. Complement fixation tests were done for detection and titration of cellassociated viral antigens according to a modification of Kolmer's method, but scaled down for use with the microtrays. The highest dilution of the material exhibiting more than 75% fixation of complement was considered to contain 1 complement fixation unit of antigen.
Immune sera. Anti-HVJ envelope and anti-HVJ nucleocapsid rabbit sera were prepared in rabbits by the method described previously (2, 12 20 ,000 rpm for 45 min. The gradient was then fractionated by dropping through the bottom, and each fraction was dialyzed against PBS at 4 C overnight and tested for biological activity.
(ii) Equilibrium density gradient centrifugation. A linear potassium tartrate density gradient in PBS (3 to 60%, wt/vol) was prepared by the method proposed previously (4, 9) . A 1/5-ml volume of virus samples was loaded on top of the gradient (4.5 ml) ana centrifuged in a RPS 39-A head at 39,000 rpm for 120 min at 4 C. Fractions were collected by piercing the bottom of the tube with a needle. Density was calculated from measurement of net weight by using micropipettes.
Electron microscopy. The negative-staining method was employed. Drops of virus preparations were placed on carbon-coated grids and excess fluids were removed with a filter paper. Each grid was then covered with a drop of 1% phosphotungstic acid (DH 7.2) and dried by blotting with fi'lter paper. Specimens were examined in a Hitachi HU-11 D electron microscope. These findings suggest that BHK-HVJ cells produce infectious virus when the incubation temperature is shifted down from 38 to 32 C, although the EID50-to-HA ratio of the virus released by them is still very low.
RESULTS

Isolation
The virus obtained from cell-homogenate of BHK-HVJ cells was further purified by the limiting dilution passages in eggs for five times at 32 C, which was identified as HVJ by neutralization tests, HA-inhibition tests and Ndase-inhibition tests by using an anti-HVJ antiserum, and was designated as HVJ-pB.
Effect of temperature on the multiplication of HVJ-pB in eggs. To isolate infectious virus from BHK-HVJ cells, it was found that the eggs inoculated with test materials were necessary to be incubated at rather lower temperature Therefore growth of HVJ-pB in eggs at various temperatures was investigated.
In the first experiment, stock virus of HVJpB and HVJ-W were titrated in eggs incubated at 32, 34, 36, and 38 C. The highest titer of infectivity of HVJ-pB was obtained by incubating eggs at 32 or 34 C, whereas no infectivity was found in the same virus stock if the inoculated eggs were incubated at 36 or 38 C (Table 2) . In contrast, HVJ-W showed almost the same infectivity titer irrespective of the incubation temperature from 32 to 38 C.
In the next experiment, the growth kinetics of HVJ-pB and HVJ-W in eggs were compared at 32 and 38 C. Eggs were inoculated with 0. (Fig. 2) .
(i) Infectivity. The growth curve of HVJ-W at 32 C was very similar to that obtained at 38 C, although the peak of the growth of cellassociated virus was reached somewhat later at 32 C than at 38 C and the maximum titer at 32 C was relatively higher than that at 38 C. On the other hand, the growth curves of HVJ-pB at 32 and 38 C were quite different. At 32 C, virus HOURS AFTER INFECTION production increased gradually after a latent period of 8 h. But the virus yield at 38 C was obviously lower than that at 32 C in both released and cell-associated viruses. The virus grown at 38 C did not produce virus when tested again at 38 C, suggesting that the HVJ-pB was slightly "leaky" in nature. It was also noteworthy that HVJ-pB did not show any obvious cytopathic effects on BHK cells during the course of infection (Fig. 2) .
(ii) HA and Ndase. Replication of HVJ-W in BHK cells proceeded equally well at both 32 and 38 C. HA production in the culture fluid of HVJ-pB-infected cells at 32 C was quite similar to that of HVJ-W, although the titer of cellassociated HA was slightly lower than that of HVJ-W. In contrast to HVJ-W, a significantly large amount of Ndase was detected at 32 C in both culture fluids and cell homogenates. When HVJ-pB infected cells were incubated at 38 C, the production of HA and Ndase was markedly restrained.
(iii) HAD. The cells infected with HVJ-W did not exhibit distinct hemadsorption until 7 h after infection. In HVJ-pB infected cells, distinct hemadsorption was first observed at 9 h after infection at 32 C, but not at 38 C up to that time.
(iv) Nucleocapsid and envelope antigens. Viral nucleocapsid and envelope antigens detected by complement fixation tests were produced equally well in either cells infected with HVJ-W and HVJ-pB at both 32 and 38 C. It should be emphasized that production of nucleocapsid and envelope antigens in HVJ-pB infected cells was not restrained by incubation at 38 C, while the production of infectious virus, HA, and Ndase was markedly inhibited at 38 C.
Effect of temperature shift from 38 to 32 C on virus multiplication. BHK cells were infected with HVJ-pB and incubated at 38 C in maintenance medium as described above. At 23 h after infection, incubation temperature was shifted from 38 to 32 C, and culture fluids and cells were harvested every 2 h and assayed for their viral activities. Infectivity and HA and Ndase activity began to appear in both cell homogenates and culture fluids immediately after temperature shift-down from 38 to 32 C, and within 6 h the titers reached the levels in cells which had been incubated at 32 C (Fig. 2) . When cycloheximide (50 ,g/ml) or puromycin (200 ug/ml) was added to the culture medium at 23 h after infection with HVJ-pB and then the temperature was shifted from 38 to 32 C, no induction of infectivity and no HA and Ndase activity was observed.
The possibility that the virus yields of HVJ-pB might be seemingly suppressed at 38 C by rapid inactivation of the virus was investigated by testing the thermal inactivation at 32 and 38 C. Although infectivity of HVJ-pB seemed to be more heat labile than HVJ-W, HA and Ndase activity were well preserved even after incubation at 38 C for 48 h ( 15, 1975 on October 25, 2017 by guest http://jvi.asm.org/ Downloaded from peak at fraction 9. Analysis by equilibrium density gradient centrifugation was also performed by the method proposed previously (4, 9) . The profiles of HVJ-pB and HVJ-W particles measured as HA and Ndase activity were also quite similar, with a peak at fraction 11, and the densities of both strains at the peak fraction were calculated as 1.175 (g/ml) for HVJ-pB, 1.174 (g/ml) for HVJ-W, respectively. Electron microscope examination of negatively stained material from the peak fraction of sucrose gradient centrifugation revealed that the virus particles of both strains were indistinguishable with respect to the size and morphological features.
It may be noted in these experiments that the purified virions of HVJ-pB showed higher Ndase activity per protein content than that of HVJ-W, whereas no difference was observed between HA activities per protein content of HVJ-pB and HVJ-W, indicating that HVJ-pB virions appear to possess rather high Ndase activity.
This finding was further confirmed in 12 separate experiments comparing the Ndase activity per HA unit of two viruses grown in eggs or in BHK cells (Table 4) .
Thermal inactivation of HVJ-pB and HVJ-W at 50 C. When HVJ-pB and HVJ-W were tested for heat stability at 47 C or higher temperatures, it was found that HVJ-pB was more heat labile than HVJ-W (Fig. 3) . Infectivity and HA and Ndase activity of HVJ-pB began to decrease at 48, 49, and 48 C, respectively. After heating at 50 C for 20 min, infectivity was reduced to less than 0.1% of the original and HA and Ndase activities were decreased to 1% and 1.4% of the original, respectively. On the other hand, HVJ-W was more resistant; its HA activity was unaffected at all, and 32% of original infectivity and 54% of original Ndase activity were still retained. The next experiments were carried out to investigate the thermal inactivation kinetics at 50 C. As shown in Fig. 4 , infectivity, HA and Ndase activity of HVJ-pB were inactivated more rapidly than those of HVJ-W.
Establishment of persistently infected BHK cells. BHK cell monolayers were infected with HVJ-pB at an input multiplicity of approximately 1.0 EIID,, per cell. After incubation at 38 C for 60 min, the cultures were washed twice and incubated in maintenance medium at 38 C for 2 days. As observed in the preceding section (Fig. 2) In considering that both HA and Ndase activity are associated with only one glycoprotein of Sendai virus (18, 23) , it is of interest that HVJ-pB contained more active Ndase than HVJ-W, although both viruses were identical in particle size, density, and morphological characteristics. Additionally, in inactivation experiments at 50 C, infectivity and HA and Ndase activity of HVJ-pB were more thermolabile than those of HVJ-W, suggesting that HVJ-pB possessed some alterations in virus structural proteins.
The precise mechanisms responsible for the selection of temperature-sensitive virus during the course of establishment of persistent infection remain unknown, but it is interesting to note that temperature-sensitive viruses have been isolated from a variety of carrier cultures of different host cell-virus systems (3, 15, 20, 21 is less destructive, rather than selection of cells which are more resistant to degeneration (6, 17) , might be involved in the establishment of our BHK-HVJ carrier culture.
It is tempting to speculate that such temperature-sensitive, less cytocidal mutants of paramyxoviruses might be involved in the etiological agent of the so-called human slow virus infections (8, 22) .
